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PREFACE

authority for this study is contained in eighth indorgement dated
21 April 1955 from the Office, Chief of Engineers, to a letter dated
28 July 1954 from the Engineer Research and Development Laboratories,
sudject, 'Request for Project, 'Plastic-Glass Fiber Reinforccuent for
Reinforced and P

H

estressed Concrete.'"

This report was prepared under the supervision of Mr, Thomas B.
Kennedy, Chief, Concrete Division, by Mr. Bryant—-Mether, Chief, Special
Investigations Branch, Concrete Division, Waterways Experiment Station,
assisted by Mr. R. V. Tye.

The assisgg;gg_gf~%he following is greatly appreciated: Mr. Frank
M. Mellinger, Director, Ohi River Division Leboratories, who made avail-
able a report prepered at his request by Professors W. M. Newmark and
C. P. Siess of the University of Illinois; Mr. Ray B. Crepps, Director,
Testing Division, Owens-Corning Fiberglas Corporation, Newerk, Chio;
Professor Normen J. Sollenberger, School of Engineering, Princeton
University, Princeton, New Jersey; and Mr. Perry H. Petersen, Director,

Materials Division, Research Department, U. S, Naval Civil Engineering

Rescarch and Lvaluetion Laboratory, Port Huenere, California.

b




L e et

SVALUATION

CCXCLUDIn

BISLICGRA¥EY . . .

e Ame s
PR RS VAV VRN

J

AL e
DA TR S o)

renam ey s e
--h'\-.'-v-—.'-.—-.u’.‘ . e e
ey ey
oRCDZIY L .
Litoy . . . ..
D O L
LU orreozertics o QL
TS o S Wi 1Y
cenent and Gluss
AR T e it WY
SS¥sIzs L, L. L.
ST
STATZERT . ., . ..

V=3 G

@ e Qe

Cod j O

Ch

-
-
2

A
[




TR T ey, [T T PO

iii

SYNOPSIS

«Q

nac been produced that has a tensile strength of more than

55 normally has a modulus of elasticity of 5,000,000 L
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to 10,000,000 psi. Cold-drawn stcel wire has an ultimate tensile strength
¢ 23C,C00 to 30C,000 psi and a medulus of elasticity of about 30,000,000
»oi. Ccucidercition oF the use of glass reinforcing in concrete originated -
crene 1nocoous 1930 with stuldies of the possible use of strip glass !
oS & suoctituve for steel. This work is reviewed but it is probably not 1
r relcvant 1o current problems. In 1951, Rubinsky began studies
ol z.ess fikers as prestressing elements. A considerable amount of work ;
hag teen done but little has been published. This work is reviewed.

rizls for a wide veriety of applicetions has provided much useful back-

g o

ground on the combinations and compositions of glass and plastic that

mey be employed. Glass-Tiber reinforced plastic rods have been used as

s

presiressing in experimental concrete beams. The current estimated cost i

of such rcds is zbout four times that of steel per pound but since they

weipn only a third or a quarter as much as steel per unit volume and have

cbout twice the ultimate strength, they may be regarded as potentially
rcre econcaicel. Additional experimental work along lines that can now
oc¢ deseribed should provide the necessary background to permit the
specificatvion of gless-fiber reinforced plastic units as an alternate

c
to steel in prestressed concrete construction.
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PLASTIC-GIASS FIDCIR REINFORCEIENT IFOR

S5TIC
REINTORCED AND PRESLRISSID CONCRETE

»

SUMSARY OF INFORVATION AVAIIADLE 1 JJLY 1955

PARY I: INTRODUCTICH

Signiricont develconments in the wse of gluss-fiber reinforced

suncested tho desiredbility of o review of research and develeop-

K on the use of this matericl for reinforced and presiresseé con-

crete, end on eveluzticn of the properties of plastic-glass fiber mate-

ricls in

terms of the requirecients Tor tensioning elerments or reinforce-

went in presiressed cconerete members. The results of this review and

o+

evalucti
2.
apnears
er.c¢cs to
66+
Slate
prior to
examined

)
1940, R

as tension re

tion to
3.
i

concreile

L,

ConceIns

on arc pregsented in this report.
Consideration of tre use of pless as reinforcing in concrete
to have origincted in Burome in sbout 1930. The euarliest refer-

glass reinforcement given in the bitlicgoraphy comniled by
20,21,22
r

36

are to the worik of Craerme . 'The cnly other rcfercnce

1940 is to Goldstcin-Belocan” . These papers have net been

; conscauently, this review begins with muterial published in
I S X R . e
ubincly 2 states that he Tirst becemc interested in glass fivers

istent materiel in 1915 but did nct consider the wpplica-

5
reinforced conercte wntil 1940,

Tie applications revicwed involve four classes of glass-

systexs:

&. Solid-gless zembers as reinforcernent.
b. Filter-glecs menbers as reinforcement.
¢. S50licd-gluss mexters ws prestressing.

é. Fiber-zloss roembers as prestrescing.

26,17,18,15,3¢2,31,34

ARETROT

Tue worlt of Scden, Lincoln, aond HMarshall

wae use of solid-rlass menbers as conventionnl reirnforcement.

Trne Jocgson ratent is said {Rubinsky ') <o cover the substituticrn of fiter

L




or prestressing have been found. The most promising i
the use of fiber-glass members in prestressing. :
he use of fiber glass instead of steel as simple i

I~

reinforcenient in concrete is not feasible because of the low moduwlus of
elasticity of glass. ;
0
5. Stain=r7 has noted that the Corps of Engineers "has been

articuleriy ready to realize the advantages of prestressed concrete con-

struction" and calls attention to the design begun in 1951 of the pre-

stressed spillway dridge at Garrison Dam, the second largest prestressed
concrete structure in the United States; and the 216-ft prestressed con- i
crete bridse over the Chesapeake and Ohio Canal at Little Falls, Maryland, ;
vhich will be the longest councrete girder span 1ln the United States.

32 for 17 June 1955

ges
d in the megazine Erngineering

6. It is state
that:
“From the ergineering point of view possibly the most signifi-
cant development in the plastics industry within the last two years is
the increasing application of glass-fibre reinforced plastics as struc-

tural materials.” ]




T- A serics of tests on the usc of giass strips ac réinforecement

in conerete was reported in ngland in the foll of 16L0. So for

3% o

mmown, the first report was in Civil Zngircering for August 195077 ) ong

ctated that the successful use of glass in place of

4. < Y

rent for concrete had been announced. The research

2d been initiated

at the outbreak of war but the results indicate thet slass reinforcerncnt

ray te of use on its own nerit and not merely os a wartine substitute.

The tects were conduched by Ao V. Soden ard J. 4. Lincoln, and the re-
N )

sults were submitted to T. . Paisley of the Borough of Xensington for

consideration in comnection with the construction of concrete air-raid

shelters. Incdependent tests vwere subsequently made at “he City and Guilds

Coliege Structural Laboratory. The technical deta given ty this account

include the following:

"The results of these tests have shoun that slabs of glass-

reinforced concrete would carry four times the waximum load required by

the Home Office Tor street and cther air-raid shelte

rs.

"In reinforced concrete beams steel rods are erbodied in the

lower edge to telke the whole of the tension vhich is

egual to the compres-

sion talen by epproximately the top third of the concrete. The remaining

two-thirds of the concrete is mechanically wasted as

regards load-bearing

and merely acts as a binding agent and shear. It hes been found, accocrd-

brougnt into play for compression. And a5 the glass

"The glass reinforcement 50 far used is in

kY

kY

ct+

rom the process.

ing to the report of ‘the investigators, that by substituting glass re-

inforcement for steel tae neutral axis is lovered and more concrete is

Cross~-sectional area

is three times as much ag sveel, little concrete is wasted.

strips 5/16 in.

thick, the depth being half the depth of the beam which it is to reinforce.
An important feature is that one edge of +he glass is not cut but is the

ire-finighed edge, known as the selvedge, in the state in wvhich it comes

"For reinforcement requirements, it is stated, polishing and

refining weaken the glass, and the cut edge is incapable of taking strain.

ot Kt SIS Bt
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lass strips in the beam or sleb so that the cut edpe is
axis and the selvedse lowermost, the stress taken by the
lthourh only half that of rod form is nractically and scienvifi-

. 1In this form also, wear dces not need to be provided for.
the early stages there are, of course, certain disadvantages,
notebly the presenv iimit in span and a lover impoct load. he present
cpplication is mainly concerned with the problem of surface air-raid
shelzers and here tlhe difficulty is easily overcome by a number of methods.
Finclly, tilere is the absence of yield before failure. These disadvan-
tages revealed by ipitial tests will be subjected to further research.

1. DPosition of eutral Line

In calculating proportions to be adopted in cross sec-
tion the limiting stresses vhich can be allcwed in the top and bottom of
the section are used to give the proper position for the neutral line.

The dota essumed for conerete and glass are as follows:

Young's Modulius: -
Concrete - 2,000,000 1b./sq. in.
Glass - 10,000,000 1b./sq. in.
Liniting Safe Stresses; -
Concrete - 600 1b./sq. in. (in compression)
Class - 2,500 1b./sqa. in. (in tension, fire-

finished surfece)

Ir o bcem of depth d in., the aszutral line will be at
2 cepth from the top sueh thev waen the compression in the top layer in-
troduccs ¢ conjressive siress 0600 in that leyer, the tensile stress in
the bouvion Juyer will oo Z,500. Since glass hos a Young's Modulus five

e o Ead
tives thot ol

cenerete, tne reletive coupression and extension to give

tresces will be proportional to 500 and 2,500/5, i.e., 600 and

ct
b3
[¢]
[ 4]
o
O

5C0. This cozpression and the corvesponding extension are proportional
to the cistances ol the upner and lower surfaces of the beam from the

reutral lin», consequentiy I the full depth of the beam is represented
by 11, the cczprescion zone (from the top down to the neutral line) will
te reprecenied by 6, and the wension zone (from the neutral line to the

bottom of the beam, ic of depth 5.

-

foce yoi
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construccion would ba o conuir

throughcus, the upper hall Leing - e Lover

2.t
LT

made with vervical strips of slags aabedded oo LhQ Cnarete At lstomecs
such that the separation betieen the
each strxip. The vertica 1 dizensions
equal to the half-depth of the beern,

small 'cover' for the uader edges orf

It would ve of some nava RLEse Lo allew ke ginss o

Denetrate a little way above the neutra® line so &5 Lo cnpure e top

(cut) edge being in compression.

it taaib sl R i
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0f ccuerate on the undrrside telew the glocs.
Then equivalent Torce {compression) in concrete =
7o - . - - . . ~ . - v K Doganl E .
172 €30 x oL = 1508 . Tho coffective line of zetion of this force is

>

o5 surrace, i.e. at a distance 1/2d zbove the

L) . -

iivalent force (tension) in glass = 1/2 2,500 x

% o
—_—
27107

(The 3/10 factor comes in because the gliass occupies only 3/10 the full
width of the girder, the rest teoing concrete of no teusile strength.)
So equivalent force in glas 155.54.

The discrepency between this value and 1504 is due to

[ toking the strip as occwpying 3/10 the width instead of 35/125; both
]

: velues will be talcl as 150d.

4 Table I

ctails of Reinforcement of Specimens

Soecimen
‘ To. Cross Section Length ' neinforcement
] 12 in. x k-1/2 in. & {t. 5 in. 10 strips at 1-1/2-in. centres
z 2 12 in. x &-1/2 in. 4 ft. 6 in. 10 strips at 1-1/8-in. centres
: 3 12 in. x 4-2/2 in. L £t. 6 in. 0 strips at 2-in. cent.es
L 12 in. x k-1/2 in. L £t. 6 in. & strips at 2-in. centres
5 12 in. x 4-1/2 in. L 05, 5 in. 10 strips at 1-1/8-in. centres
6 12 in. x 4-1/2 in. 2 7t. 3 in. 10 ctrips at 1-1/3-in. centres
7 12 in. x k-1/2 in. 2 %, 3 in. 6 strips 2t 2-in. centres




Table II

W Bending Teosts

Speclinen Design lioment i
o, (Soden) Factor of Safety
1b./ia.
26,7C0 2.43
2 25,700 2.31
3 16,000 2.83
L 16,000 2.82 3
5 26,700 2.38
* Dircensions of bending moment should be steted as:  1b.-in. Ed.
54 EfTectively the force in the glass acts at a distance
) e
of = x 75 below the reutral live.
37 1i2
The totel bending mement is thus equal to: -
. 1l 10 L
15C4 % (§ + gg)@ 1v./in.
. 22 2
or 150 x 3z 4 1b. /in. ]

o0 .
Yotal B.M. per in. width = 150 x R 35 lb./in. = 3,3C0 1b./in.
3

For o bezm 1 FH. wide limiting B.M. 39,6C0 1v. /in.

=3
(%]
[
e
0o,
o
1
Fy
[e)
-
e

‘R.P. shelters nmust be capable of withe
sterdaing a uniform static load of 450 1v. per sq. Tt. (in addition to
1ts own wveight).

The maximum bending moment due to a distributed load

2
ml

of 450 1b. Ber sq. . would be given by g where m is the load per sq.

ft. and 1 the length of the span.

For a bk ft. 6 in. span this gives:-




S v S - -~ o
Moeximum bending moment
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The weight of the girder itself would be about 90 1b.
per ©t. run if the denth were 6 in., consequently the total bending
moment would be about 13,668 + 2,73k 1b./in., or say 16,500 1b./in.

According to these colculations, therefore,
constructed as suppe

a girder
sted in Section 3 would be more than twice as strong
a5 1s necessary according to the A.R.P. Specification (revised code) for
shelter roofs.

I the depth of +the girder were reduced %o 5 i,

keep-
ing <he provortions the sane,

the limiting bending moment would be re-
duced to 27,5C0 1b./in. Reduction to b in. (too thin for A.R.P. Speci-
fication) would still give a 1imiting bending moment of 17,600 1b. /in.
which would be more +han sufficient o withstand the loag specified.
Allovwing for the reduced veight of the girder ivself,

the bending roment wowld be about 15,500 lb./in. in this case.
4 6-in. steel-reinforced concrete girder with centre
of reinforcement 5 in. fron the underside would give values as follows:-

TForce in conerete % 600 x .364 = 1084.

ean 1i

N lin2 of action is -124 below top of girder.

C.ree in steel is alsn 103d, or should be, and it acts
at a distance ¢ Tron thc»tqp.

Yarizmun berding moment is thus 1084 x .88a = 108 x 8322.

For a 6-in. girder, the elfective valuc of d

is 5 in.,

Peximes bending moment for 6-1in. giréer
= 100 % .&C x 25
950.4 x 25

I

= 2,375 1b. in. rer in. width.

= 28,400 1b. in. per ft. width.
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9
reinlereed girler would e apnroxinoiely T2 per
recessary vC carry the 450 1b. lcad ner sq. ft.
inforced girder, on the other hand, would be 140 per 5
ecEscary. i
"The conercie usceld throushout the tests vhich were coarried oul i
at the City end Guilds Collere Liboretorics under the direction of H. J. \j

-

Yershall, was a 1:2:3 mix of ropid hardening Portlaad ccment, well-graded
cleen river sand end 3/ --in. buzllest, exeept for speclimen 5, vherc 2 1
in. ballast was woed for ihe coacretve bewwcen the glass surips. A wetter

123 used Tor *he lower part of the teams to Tecilitalie concolidaticn.

X
1
WX
Ed
—

"The plass reinforcement was supplied by Pilkington Brothers,
Ltd., and consisted of strips averaging 5/15 in. thick by 2-1/b in. deep.
2iis of the specimeuns oo given in Toble I.
"Tn each casc vhe glecs was placed vertically with the bevelled ]
c@se Tlush with the underside of the slab. Test cubes were also made to
cive the cruching strength of the concrete used. The speeimens were in

cven doys.

5]
3

cr

"Tre tests carried out were of two types (a) bending, and (b)

"The bending test ves carried out on cpecimens L to 5 in a
Riehle test muchine. The beams weve supported at L-fit. center, plywood
progh by ) <

strins teing pluced over the imife edges to eliminate local crushing on 3

the ¢lass. Point lcads were gpplied ot a disvance of 15 in. from each #
sSuppere.

The resulis of the tests ere swmmerized in Teble IT.

"Deflecticn recdings talen during the test showed no appreciable
deflection at one-third of the failing load znd at about 60 per cent of
tre faiiing load the deflection was 0.02 in. Failure came sucddenly and
was of the Uype usually obtained vith brittle neterisls: on reaching the
maxiloun load cooplete collopse occurred as distinct from ordinary rein-
forced concrete, vhere complete collaepse does not occur until some time
afver the marimun load has been reached.

"The impact tesis were carried out by dropping a 16-1b. weight 1

from various heights on to the specimen vwhich was supported at 1 £t..9 in.

——




10

conuras on o pLaster of Taris bed L oin. wide. The resulis of the tests

wore os rollows:- J
Snecinen 1o. 6.- Ball drcpped from 6 ft. height coused 3
slicht cracking on soe of the glass strips; on again dropping tae ball

Trom the height very apprecicble cracking of the glass occurred, the
upper curface of the concrete was not domezed.
Probably ultimate momentum abscrbed 112 £t./lb.*

Snecimen No. 7.- Ball dropped from b ft. height had no ef-

o]

ball dropped from 6 ft. height ceused complete Tailure.

Hy
[¢1]
(¢}
3]
..

“Probadly ultimate momentum ebsorbed 88 ft./lb.¥

I

"It is reelized that th~ tests as they stand have little
value, déue to lack of Tigures for en ordimary reinforced concrete slab
under siniler conditiozns, but a summary of certain impact tests on re-
inforced concrete may provide useful coxparison.

A concrete siab 2-1/2 in. thick reinforced with .09% sq. in.
of steel and supported at 2 ft. 6 in. centres absorbed 1lkhk ft. 1b.# of
momentun and showed failure by crushing of the concrete at the peint of
impact and spalling-off on the underside.

"The crushing tegts on the concrete cubes gave an ultimate
serength in divect compression of 3,920 lb./sq. in.

"The report on the tests concludes that the factor of safety

for specimens 3 and 4 is camparable with ordinary reinforced concrete

under similar tests, what Tor specimens l, nd 5 is somevhat lower.
The safe moment wes based on the valu ven by Soden. The impact tests

compare unfavorably with ordinery reinforced concrete. IMarshall's recome
mendations are that for static loading of such an intensity that the re-

inforcement need not be

e}

nlaced closer than 2 in. centres, giass provides
a good substitute for steel. In cases, however, wheve there is any

lilXelihood of immact loading it should not be uzed."

8. Additional results were presented by & subsecuent account in

October lQhOlgz

11—

Turther rescarch has been carried out with a view to increasing
-

=

rould be £t.-1b./sec. Ed.
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Seleils of the specimens are given in Teble I.

Teots- The objects of the tests were as Follows:
1. D0 determine the resistance moment of 12 in. x 7
in. and 9-1/2 in. x 4-1/2 in. scetioms.

2. 2o determine the grip length or 'lep’ required for

q
e oadrd PR
5~a085 ITCLnIOrConisy V3RS
3 Ta R ad s m Thamm AP T Ay e syaday e st T m e e
S S5 QEELCL & oCeoam of long span using stort lengins
-~y T = st e s T e amaeneld S oo - Y
o el WITUL UL LT a-v-...v\_«......'/ (SR OTERCRIN

The specimens were in all cases tested in bending, the

aricd cut in a Richle test machine.
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For specimens 1 to 10 the test was carried out on a 6-Tt
ran, and Jfor szecirmens 1 and 12 cn a G-ft span, the loads being applied

ixd peints in ecach cnse. Specimen 13 was tested on a 16-ft span,

LY Lot sl
tre lcads teing opalied at 5 ©. 6 in. from each support.
Durirg the test the deflection at the centre of the span

Wwas measurel LY & dorcer dial and Trom these readings the modulus of

Dealing Tirstly witvh specimens without lap vhere the object

of the tests was ac given under heading (1) above, the resulis can be

- " - -
L 4L JUTC Cclurred 1n G

crials. In most cases a preliminary

11 cases vy tensicn and was of the

Toocurry oul & complete series of tests to determine the
bond Teuvecn gloss and concrete oad trne distribution of bond stress over
tne donth ¢l the ccevicn wos beyond thie scope of the present series and
the following simple nothod was used to determine the grip length recuired
o oagloos strin 5-7/0 in. Geep. The beans 5 to 10 were made vith short
2oe 0l the lengihs stated in Tebie I, thus giving laps vary-
ing Trom L7t Cdin. to 2 Tv.  Specimens b and 5 gave the strength of a

Lo using convinuous reinfercement and by comparing the strength of the
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Table I

Crosc Section

Shnesiatn ol Cecucrete Lenpgth Feintorcement
1 12 in. x 7 in. 6 rt. 4 in. 7 strips, $-7/5 in. deep, 6 ru. lun
2 12 in. x 7 in. 6 rt. b dn. T strips, 5-7/8 in. ceepn, G U, 1o
., 3 12 in. x 7 in. 5 rt. 4 din. 7 strips, 5-7/8 in. deep, O rt. lons
3 L 12 in. x 7 in. 6 7t. b in. L strips, 5-7/8 in. decp, O £t. long
: 5 12 in. x 7 in. 6 Tt. b in. 4 strips, 5-7/8 in. deep, 6 L. long 3
L 6 12 in. x 7 in. & ft. & in. 8 strips, 5-7/8 in. deep, b Ct. long,
E with central lap of 2 ft.
7 12 in. x 7 idu. 6 ft. 4 in.
B 12 in. x 7 in. 6 £t. k in. 8 strips, 5-7/8 in. decp, 2 £t. 10-1/c in.
long, with central lap of 1 ft. 9 (rn.
9 22 in. % 7 in. 6 £t, 4 in.
10 12 in, x 7 in. 6 ft. & in. 8 strips, 5-7/8 in. deep, 2 ST, G in.
long, with central lap of 1 ft. G in.
t 1 9-1/2 in. x k=1/2 in. 9 ft. 4 in. L strips, 4-1/2 in. deep, § ft. long
12 9-1/2 in. x 4-1/2 in. 9 ©t. 4 in.
13 12 in. x 8 in. 16 ft. 6 in. See sketch
3
r Table TI
J Specimen Design Moment ractor of
F o, Failine Load B, M. at Failure (Soden} Cefevy
1 25,290 1b.
z 15,060 1b.*
: 23,500 1b.
1 Av. 2L ,&00 1b. 285,000 in./1bv.7 51,500 in./1b.t 3.15
: 5 15,360 ib.
5 17,990 1b.
] AV, 16,660 1o. 199,000 1in./1b. 52,300 in./ib. 3.61
11 5,560 1ib.
12 5,330 lb.
Av. 5,450 1b. 98,200 in./1b. 33,000 in./lb. 2.68
F * Heject result.
] t Dimension of bendinz moment should be stated as: 1b.-in. Zd.
Table III
1 Strength
S Ratio Streng;x: ;f ‘U:nlapped
e oD Failing Load B. Y. at Failure -t
% 16,370 ib
b 7 15,510 1b.
1 AV 2 e 15,340 1%, 196,000 ir./1 0.935
& 13,970 1o,
y 15,470 ib.
L Av. Efu. boin 14,720 1 176,500 in./1b 0.386
250 1@, & 83 11,070 1 132,500 in./1b. 0.666
- - ™
k
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PART IIY: FIBENR-GLASS REINFORCENMENT

Ll

Verk of Rubincgky

LJ. Prior to 1951 references to glacs reinforcement primorily con-
cernld £0lid slass rods end strips. The first consideration of finsg

wa g

©.loys anpears Lo huve been oy Professor Ivan A. Rubinsiky. Bvidenil

.IP'

the rirost ccecunt ©f his vorik thot was published in the United Statec

e A C e Al '-..'e::s—Rccord33 for 1 Morch 1991, and stated in nart:

"Incincers all over the world are now well aware of the many
tonclits of nresiresced concrete. Bub in many countries, they cannot ;
tohe advantoge of this material because of the lack of high-strength
cteol Tor prestrescing. In these - as well as in other parts of thae
werld - cnginecers mzy Tine substitution of glass cords or strends for 1
seeeliwell werntin vhilal 4
"This is the suggestion of Ivan A. Rubdinsky, associate proles-
incering and ponyscics at the Americen Urniversity, Beirut, ;
Lebarnon. Hc is «l prescant in the United States on a visit.

Prilescor Rublinsky points out that the raw materials for mak-
inm rlics - v zilice sand or borosilicates - can be found practically

cnynnere ard Lnouliimited quantities. ManufTacturing processes are avail-

wole ver Iooiong placs Titers, vhich can be made into cords or strands.

SOG Ly ooenani caantity of this moterial is required relative to steel -
Jor & orroouress wfal, noernins one to two per cent of the weight of ordinary
roiavorein, iel lnoon cyuivalent reinforced concrete bean. 3

-

"Sluss {lters have practically no plasticity. They retain

thelr enestic propervies until they break. Thus, residual strains are

..:;rl_/ ronzxisicnt.

¢s of this uaterial, according tc Professor

Ik resistunce to acids and alkelies and ability to with-

E crand hipgh temzeratwres. Thus, conerete prestressed with glass fibers

woeuld oo more lireproor than ordinary reinforcced conmcrete aad immune to b
tn2 corrcsive acztion of sec water and many chemicals.

'Turthermorce, the professor says, the low modulus of

vaah Wil sty o d
L a2 G A ) A s S s e b e
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cozTos ine surese i the placed first. Fertunately, as Professor

Glass cord is smzll,

and can be easily tuken

guantities o iv, replzcamiat of steel vy giloss offers tremendous econ

crics, Professor nudinsiy concludes. Especially since natural supplies

of silica for making glass are ovailable practically cverywhere."
4 11. In August 1651 Rubinshy prepared a report of his work at

Princeton. This repcrt has not beea published, but a copy was loaned for

exemination by the USKCERD Laboratory. The report includes a review of
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problem; entailed, as well as suggesting lines for fubture experimental

"Attermts nave been made to substitute fibre-glass for stecl
in reinforced concrete (Jacicson patent), but 2li such efforts are doomed
to failure because of the low modulus of elasticity of glass compared with
that of st2el; as the eclestic rmodulus of glass is only about twice tha

oo concrete, very little of tic {ensile stress will be tronsmitied fron

-

the conerete to the glass reinforcement, wnile the difference in stren

C:'
ct
o3

between the fibre-pglass and the concrete is very large.

"In presiresscd concrete, however, conditions are very different.
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narnaling, The modulus oI clasticivy of Iibre-plass fibers is about

10 x 10 lb/sq. in. Perhens ong of the best recent accounts of the

y pardicular refereance to its mochanical
hl

In acdition to descridbing the various whysical wropertics

-

avtiior revieus the theovies of sirength put forward by

rurgetroyd, Gurney, Taylor, cte.

"ALY cuthors coree that the phenomenon of hish strength is

- - [

dependentc upon the diometer and length of the I{ibre: the strensth in-

creases considerably with decrcasing dianeter and length.

W. Sic. st mean silica. nd.
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InDIooes, DU ToLs romdins to be verified expevimentolly.

"o piios Tfibrec are very brittle, it is neccscary te protoect ?

The Sleos yerns end eords by saue ¥ind of protective layer. This is noces-
‘

coiy roioonly 1o prevernt brecliaze of individuel fibres duc to chrasicn,
Ul L0 O bind tiiem tezethwer and produce a more even distribution of )
o oo

"iericus vorms of fibre-glass are commercially availeble.
Thror lnciuvae Tibre-zless yarns and cords made up of twisted strands with
ceverel curfoce uroauments and gloss fibre rods and tepes, some of thom
mzle v of unidirectionel fibres, bonded together with plastics or resins. :

DLiccer-ovonded fivre-gless rods are enony the most coavenient forms of
Tibre-zlocs ror prestressing so far found by the authcr. The satv-nted

pclyecuers do not vecuire high wpreszsure during moulding ond laminating

tc €75 F. During the curing cycle these resins themselves generate heat,
Taciliteting the moulding ozerciion.
"ne tests carried out by Professor Rubiasky were on pulyester-
peaded Tibre-giass rods of 1/h in. diameter, specially manufactured for :

nim by the Coluriia Froducsts Co. (U.S.A.). The uitimote strength of the :
N

rods ves “cu:i tc ve 147,000 lb/sq. in. and the modulus of elasticivy

- &S o B 2
about T x '0 *U/u\. in.

"The experluerts skoel that the load which could be sustained
] ’ . 3 -~ ;
vas depcndent wion time.  As hovever, an unveinforced sumple of the hond- j
inz placune was nov aveilable for test, it was t determined vwhether

atigue of the glass fibres or to creep of

sinple method was developed to determine the flexural

trengin under the
e

2 sustained moment. The ends of a fibre-
Glass rod were clomped irto small grips; the grip at one end was fixed,

2 other grip Torced towards it by means of a cord with a weignt at-

()
133
o9
o
;x

tached, thus forcing the rod ianto a bow ghtpe. The distance between the

two cads was measured for cach loading

"The above provided an easy means of loading the rods to a
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tures. Wil Nilre-slocs reonJorcenent this poeblen is even zore ceoute Que

e =, , TR . S . - ., oo Y] & e o b d oo,
O TN SrIltaliiiss CJ wae Wieriel. Thne trarnczicsion nay bpe effected in

\

) oy cczmwescl
4 . - .
t¢) oy veering (e.g-

2’

~

\ - . - . .
&) by bend bewvcen Tibre-giass and ¢rip by the use of

rofcssor Rubin ky show that

Tre bord depends predca-
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SUCA LS COUTULLITLONG On TunC SurLiLce, are QelLrd

b
ol 1,050 1b/s¢. in. wos reached with @ rod of 1/ in. diameter el

S vy aem A
LR, COHSa S 5 6

Ym0 54 ——— e e, yev e Y aa anim
Tno Zesicn or suitoble Srips - esbnior lonnorar ITor wreeca-

-J
IR congroto O Tur . ansnh Tor nost-tenstion2d conerot
sicntdn e nCUCRG, L DCXLONEny, 200 LOLU-LuClinlLlla LLTLC = TSl oL o L
oGy 3 I B T T H3 DS &b o a 8 k) o Ear e ; sy oo .
mojor dalfsicudty, as thie brittle rod is liable To Toil in tho grop llooly
Do N e SR sl = A o) b HoJRRPTS POpTeRt ~1 h - o 2 7 1 e
due to the coxbined ofifects of shearing and crushing strecses added to
“y o o =25 cme (o6 R o fn Y e de P A P U [ N
the tensile stress.  An ideal grin nust be such that the tencicn is

tronsnitted groadually from rod to grin. A Far desipns of rrlins

cried, such as Two grooved plates volted togetzeor, the bLolis boein

L ov 1o & va
= 9 o 2 L IPRR R B ] 5 v e o mmps by e o0 e " 5o o
vorying size so calculoted that the centre of gravity of Lhoir crosc seo-
2 - ~ DL, 4 e Saa q N 4ot S0 o S noay e P ol B
tions was one-third of the distance ITrom the testing-muchine end of tihc

elzrmp, Tut further experinents ore necessary to Tind o really successiyd
grip. Good results have been achicved by Xeane, vho uscd 2 grin consisi-
ing of 2 1/4 in. pipe, 12 in. long, with the fidbre-zlass rod bonded

- N
¥

2sin, The adhesive must be selected with care,

[}
[

it by a cold-setting
however, o minimize creep.

"Tosts on madel boons

"Tests on two tyves of model coancrete beawns vere made by Profes-
. N . . . h V) . “ - .
sor Rubinsky. One type, 3 x 4-1/2 x 36 in. long, was nresiressed by o
1/ in. diameter polyester-bonded iibre-giass rods. The other Lyme was
of similer size, but with 2 circwsferential grocve 1 in. wide and 1/2 in.

3, this beam was post-tensioned by razas of a Geen-coated

(%3
fivre-glass cord of C.0L2 in. diameter wound round the bean at a coastent

pEXVISS

n - o -~ - ~ g -~ S ) S
Zoth vypes of beams were loaded to destruction. The Tirst

type proved successiul cud withstood loads slipghtly higher then predicted.
In the second type the edge of the groove sheared off, due to the loteral
pressure of the cords. Unforiunately tie 4id not permit e repetition
of the expgerinment with the edges reinforced.

"The rescarch carried out by Professor Rubinsky was of a pre-

liminery nocure, primerily to determine whether or not it is feasible to

uce fibre-zicss as reinforcement for prestressed concrete and to pather

dota on the physicel propertics of fibre-~plass.

- -
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"Suitoble plostic-bonded fibre-pLlass reinforcement would be
sorticdarly valusble Jor prestressing structures cexposed to corroding
forces such &5 sea vator.
"When 2ll these problems hive been solved, glass reintorcement
Toxr concreve will compete scriousiy with steel, bearing in mind that with
posci

ole dmprovemeat in the monufacturing process a product with an ul-

tizate strength of 1,000,000 1b/sq. in. may be achieved. Compared witl

e AN A A AL




i
=
~T
[
S S I e N St S 3 51 - a0 ES g
CLid wowni ool wive with en ultimate strength of 224,000 1b/sn. in.,
Z S e el e o e INRee e T A AL - T - N
| CIOLS LL Lreoont voed Tor nrestrosced conerete; the amcunt of glass it f

. T RE 0o 8 o 5 e o Ty o - - 4
‘ USSR SRR e G e R o R s auai e DY volumc, ond obout one-thirtecntl

Oy wellav of thiat ol high-toaslile steel., IT ordinery reinforecd coacrete
were renineed by concrele nreostressed by fibre-gless, the amownt of lass ]
&

Y - .

{3 recuircd would bo cbout 1-1/2 - 2 per cent of the quantity of mild sice
"‘ "It iz thus evident that the use of glecs instesd of sicel i
E would leod to coasidercble saving. For cowntries thot iiport sceeel or
do oV have suificient quentities of iv, replacement ¢l stecl by glass

R

would result in e tremcndous nctioncl economy, esvoeciully since naturel
su~plices of silica are found vracticelly everyvaere in the world."

York of Crepps

j 15. Cripp323 nresented a swummary of information Including the
Tolleving, bubt mode no reference 1o Rubingly:

The feasibility of teliing advointege of certoin physical pr
erties or plass Tibers for apnlicction and use in the ternsioning clement of

precirsssed and posustressed coacrate structural mzicvers is incdecd intri-

guing to both erngincering desipgners ond ceastructers.  luch interest in
this JudeCL, lorgely academic, has been chowa during thc past ten menins,

Teoricators arc anxious to cceperate in ony vork-
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